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(54) Positive electrode active material for alkaline storage batteries 



(57) Disclosed is a high capacity positive active 
material for an alkaline storage battery comprising a 
nickel based multi-metals oxide, wherein the charge 
characteristic at high temperature is improved. This 
oxide has a large number of micropores in at least a sur- 
face layer. An average composition of the surface layer 
is different from that of the interior in that at least one 
element selected from the group consisting of Ca, Ti, 
Zn, Sr, Ba, Y, Cd, Co, Cr, Bi and larrthanoids, in addition 
to Ni, is contained in the surface layer, or in that the at 
least one element is contained at a concentration higher 
than that of the interior. 

A positive electrode active material is also dis- 
closed wherein an average composition of the interior is 
different from that of the surface layer in that at least one 
element selected from the group consisting of Al, V, Cr, 
Mn, Fe, Cu, Ge. Zr, Nb. Mo, Ag, Sn. Sb and W, in addi- 
tion to Ni, is contained in the interior of said nickel based 
multi-metals oxide except for the surface layer, or in that 
said at least one element is contained in a concentration 
higher than that of the surface layer. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an active material used in a positive electrode for alkaline storage batteries such 
as nickel-cadmium storage battery, nickel-metal hydride storage battery and the like. More particularly, it relates to an 
active material comprising a nickel based multi-metais oxide. 

Recently, an alkaline storage battery, particularly portable sealed storage battery, has widely been used as a main 
power source for various portable apparatuses such as communications equipment, business machine, electrical appli- 
10 ance. miscellaneous goods, etc. because it is superior in well-balanced charge/discharge characteristics, cycle life and 
safety/reliability to other batteries. Also, it has attracted special interest as a large power source, e.g. movable main 
power source for electric vehicles, etc. because it is extremely superior in charge/discharge characteristic and reliability. 

A typical alkaline storage battery is a nickel-cadmium storage battery with a long history. A nickel-metal hydride 
storage battery using a metal hydride in place of a cadmium negative electrode of this battery has recently been indus- 
is trialized and a share thereof has rapidly been increased. 

In order to improve the energy density and reliability, as in the past, the fbllowings have become extremely impor- 
tant, that is, (1) means for filling a large amount of active materials of positive and negative electrodes in a predeter- 
mined volume by realizing light-weight, thin volume, short length and small size of a substrate and additives in an 
electrode, a separator, an electrolyte, a battery case and a lid member. (2) improvement of various additives and con- 
20 ductive materials, which enhance utilization of an active material, and (3) development of a novel active materials which 
exhibits high energy density under various use conditions. 

Therefore, a recent technical tendency with respect to them will be described hereinafter. 
As a main active material of a positive electrode in the industrial nickel-cadmium storage battery and nickel-metal 
hydride storage battery, a nickel oxide (NiOOH) has hitherto been used. However, as a substrate of the electrode, a net- 
25 work substrate having a higher porosity (e.g. foamed nickel substrate, etc.) has recently been applied in place of a sin- 
tered plaque which has been used in a conventional high performance, long cycle life sintered electrode, although the 
network substrate has a three-dimensional construction. As a result, an electrode wherein the foamed nickel substrate 
is filled with a large amount of an active material powder (hereinafter referred to as a "foamed metal type electrode") 
was industrialized, so that the energy density of the nickel electrode was drastically improved (U.S. Patent No. 
30 4,251 .603). An electrode using as a substrate a felt of nickel having the same feature as that of the foamed nickel sub- 
strate is also known. 

A common advantage of using such high porosity substrate is that a simple producing method capable of directly 
filling a nickel oxide in the form of paste in the substrate can be used because a pore diameter can be increased unlike 
the conventional porous sintered substrate. On the other hand, there arose a problem that, since a powder having a 

35 large particle diameter is filled in a substrate having a pore diameter larger by far than that of the sintered substrate, 
influences of low conductivity of the active material powder and decrease in electrical conductivity between the active 
material and the substrate as a current collector are remarkably exerted, which results in deterioration of the utilization 
of the active material. Therefore, the conductivity has been compensated by using a method of adding Co or an oxide 
thereof, Ni, etc., in addition to the active material powder, that is, nickel oxide powder, or still insufficient conductivity has 

40 been compensated by incorporating metallic elements other than Ni, such as Co, etc. into the nickel oxide to form a 
solid solution. 

It has been found that the incorporation of other metallic elements into the nickel oxide also results in remarkable 
improvement in charge efficiency, and incorporation of two elements Co and Cd has a remarkable effect, particularly. 
Thereafter, Zn having a property which is similar to that of Cd is noted and used as a substitute element for Cd and, 
45 furthermore, a solid solution material with three elements Co, Zn and Ba incorporated therein is suggested. The incor- 
poration of other elements into the nickel oxide for the purpose of realizing high efficiency of the charge/discharge char- 
acteristic is a technique which has been known for a long time in the sintered electrode. A modification of using a solid 
solution nickel oxide incorporated with one or more elements selected from Mg. Ca, Ba. Ti, Zr, Mn, Co, Fe, Cu, Sc, Y, 
etc. is exemplified. 

so The incorporation of the element such as Co, Cd. Zn. etc. into the nickel oxide has an inhibitory effect on the for- 
mation of a highly oxidized compound, i.e. nickel oxyhydroxide of a y phase during overcharge, in addition to an effect 
of improving the charge acceptance. Therefore, the incorporation of the above metallic elements was an effective 
means for realizing long cycle life in the case of applying to a fragile foamed metal type electrode, unlike a fast sintered 
electrode because volume swelling of the nickel oxide is inhibited (U.S. Patent No. 5.366,831). 

55 In addition to the improvement of the active material, a shape of the active material is also improved and formed 
into a spherical shape which is suitable for high density filling and, therefore, it has become possible to use the active 
material in a practical battery. 

The above method of adding Co or an oxide thereof is further improved, and a method of forming a coating layer of 
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Co(OH) 2 on the surface of the active material powder or a method of forming a powder layer of a Co oxide has been 

suggested. These methods aim to realize higher efficiency of the utilization of the active material and to improve the 

productivity by improving the efficiency of a method of adding a conductive agent. 

With the development of these techniques, the charge/discharge efficiency of the active material powder filled in a 
5 density which is higher by far than that by a conventional technique can be enhanced to the same level of an excellent 

sintered electrode. Therefore, the energy density of the positive electrode is remarkably increased and a nickel positive 

electrode having an energy density of about 600 mAh/cm 3 is put into practice at present 

On the other hand, with respect to a negative electrode, the energy density was largely improved by applying a 

metal hydride (AB 5 system) having high capacity density in place of a conventional cadmium negative electrode and, 
10 therefore, a negative electrode (per unit volume) having at least twice as much energy density as a positive electrode 

has been put into practice. In response to this, thinning of a separator, a battery case and other parts has rapidly 

advanced and the energy density of the battery has been increased. 

However, as described above, a demand for improvement in energy density of the battery as a power source for 

portable apparatus has become greater and greater. In order to realize further improvement in energy density of the 
is battery in response to such a demand, it is strongly required to realize higher energy density and higher performance 

of the positive electrode related to the development of a technique of realizing higher energy density of the negative 

electrode. 

Furthermore, in view of the recent use, it is further required strongly to realize high energy density, long cycle life 
and safety at high temperature within the range wider than that in the case of a conventional use, particularly from about 

20 45 to 60°C, with the variation of the use conditions of a portable electronic equipment applied as a power source. The 
same may be said of a large type movable main power source to which realization of small size and light-weight is 
required in a severe operating atmosphere. 

In a foamed metal type electrode or felt type electrode having an energy density higher than that of the sintered 
electrode, there is a limit in the restudy of a reduction in metal amount of the substrate and the kind and amount of addi- 

25 t'rves and the filling density of the active material has almost reached the limit. As is generally said, the utilization of the 
active material in the case of assuming that one electron reaction of Ni is utilized has almost (100%) reached the limit 
and, therefore, rapid realization of higher energy density can not be desired as the matter stands. From these points of 
view, in order to realize higher capacity density and higher performance, not only the restudy of the substrate and addi- 
tives but also the development of the active material itself having epoch-making high energy density are required. 

30 The current active material will be explained in more detail hereinafter As described above, a material composed 
mainly of a nickel oxide (Ni(OH)2) is used at present as a positive electrode material of an alkaline storage battery which 
is industrially used. It is considered that the reaction is mainly one electron reaction between 2 valerrt and 3 valent of Ni 
in p-type crystals, as shown below. 

to charge 

p-Ni(OH) 2 *=f p-NiOOH 
discharge 

40 



However, in the actual battery, the reaction between about 2.2 valent and about 3.2 valent in an average value may 
occur (in this case, it is often referred to as a reaction between p-Ni(OH) 2 and p-NiOOH). Anyway, it is a reaction corre- 

45 sponding to approximately one electron. With respect to p-NiOOH in charged state, when charging is conducted under 
low-temperature atmosphere or charging is conducted for a long period of time, or overcharging Is repeated, a part 
thereof is oxidized to form y-NiOOH having a higher Ni oxidation state than p-NiOOH. When it is oxidized to form y- 
NiOOH, the volume swells and, therefore, the electrode is liable to swell. y-NiOOH is an electrochemically inert material. 
Therefore, when y-NiOOH j s formed, there arises a problem that the capacity is reduced and the voltage of the battery 

so is lowered as a result of an increase in overvoltage. Accordingly, a trial of inhibiting the formation of y-NiOOH has hith- 
erto been made. 

Incidentally, it has hitherto been considered that y-NiOOH is represented by about 3.5 to 3.8 valent of Ni, specifi- 
cally the chemical formula A x H y Ni0 2 • nH z O (an alkali metal A is intercalated between layers composed of Ni and O, 
thereby to balance a charge between A, H, Ni and O). It is also considered that the valence of Ni is 3.67 or 3.75 and y 
55 NiOOH is known as a nonstoichiometric compound. 

In order to realize higher energy density by using a nickel oxide-based material as the active material of a second- 
ary battery, it is extremely important to make good use of this y-NiOOH phase, in other words, to find out a material of 
more than one electron reaction. Therefore, there is a report describing a method of directly forming an a-Ni(OH) 2 
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phase having a wide interlayer distance (this is in the discharged state, but the interlayer distance is about 8 angstroms 
close to about 7 angstroms as the interlayer distance of y-NiOOH in the charged state) other than the p-Ni(OH>2 phase 
(most adjacent interlayer distance: about 4.6 angstroms) by incorporating a trh/alent metal (e.g. AI 3+ , Fe 3+ . etc.) into a 
nickel oxide, thereby to form positively charged metal oxide layers, and then incorporating an anion in the metal oxide 

5 layers so as to totally balance a charge (e.g. US. Patent No. 5,348.822. etc.). 

Such an oxide easily forms y-NiOOH phase by charging due to the small difference of interlayer distances. Thus in 
the a-Ni(OH) 2 /y-NiOOH reaction system a larger number of electrons per nickel atom are transferred than in the p- 
Ni(OH) 2 #-NiOOH reaction system. However, there arises a problem that the density of the material itsetf (material den- 
sity, i.e. tap density) is drastically lowered because of the presence of the a-Ni(OH) 2 whose interlayer distance is much 

10 wider than that of p-Ni(OH) 2 . Since the tap density has a positive correlation with the filling density upon production of 
the electrode, high density filling becomes very difficult 

By using this material, there arises a new problem that the cycle life becomes short and the discharge voltage is 
lowered. 

Furthermore, points to which special attention should be paid are as follows. That is, a problem of deterioration of 
is the charge efficiency of the Ni-based oxide at high temperature is not solved at all only by using the above material. 
High-temperature characteristic is a performance which has recently been regarded as particularly important with the 
diversification of the use conditions of the battery, and is an object which can not be ignored in view of the utility in the 
future development of the secondary battery. 

The charge efficiency is lowered at high temperature because, when the charge potential of the Ni-based oxide 
20 approaches the oxygen evolution potential, oxygen is liable to be evolved in the terminal stage of the charge as a result 
of the competitive reaction with the charge reaction. Accordingly, there is a suggestion of incorporating or adding an ele- 
ment for increasing the oxygen evolution overvoitage even at high temperature into the nickel oxide in a mediate/large 
nickel-metal hydride storage battery which easily becomes high temperature in order to improve the charge efficiency 
at high temperature (U.S. Patent No. 5,455, 1 25). However, this suggestion was not rooted in a way of thinking about the 
25 improvement of the electrode energy density, considering the use of the rN'OOH phase. That is, it aimed at the 
improvement in charge efficiency at high temperature in the charge/discharge reaction between p-Ni(OH) 2 phase and 
p-NiOOH phase. 

The incorporation of the element for increasing the oxygen evolution overvoitage had a drawback that the content 
of Ni, which mainly supports the charge/discharge reaction, is reduced. Accordingly, it was not insufficient, taking the 
30 improvement in energy density into consideration together. 

In summary, in order to provide a high energy density, high performance positive electrode for an alkaline storage 
battery, a novel active material capable of realizing an energy density higher by far than that of a conventional one under 
various use conditions, particularly use at high temperature, that is, high utilization under high density filling is required. 
Therefore, it is necessary to improve the following problems. 

35 

(1) The material must be a high utilization active material more than one electron reaction in the charge/discharge 
reaction. That is, with respect to the Ni-based oxide, a higher oxidized compound y-NiOOH (the oxidation state of 
Ni is from 3.5 to about 3.8) instead of p-NiOOH (the oxidation state of Ni is about 3.0) of a conventional material 
should be used as an active material in the charged state. 
40 (2) The active material should be a material which is suitable for high density filling at production of the electrode. 

(3) The charge/discharge reaction should be conducted in an efficiency higher than that of a conventional material 
even at high temperature. 

(4) The discharge voltage should be the same as or higher than that of a conventional material even at high rate 
discharge. 

45 

It is important to simultaneously solve all of the above problems. That is, it is necessary to develop a Ni-based oxide 
capable of filling an active material which exhibits high utilization in high density, and a material having high charge/dis- 
charge efficiency. 

so BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to satisfy the above conditions (1) and (2) and to provide a practical positive 
electrode material to which the above terms (3) and (4) are imparted. 

The present invention provides a positive electrode active material for an alkaline storage battery comprising a 
55 nickel based multi-metals oxide, the multi-metals oxide having a large number of micropores in at least a surface layer, 
wherein an average composition of the surface layer is different from an average composition of the interior, that is, the 
average composition of the surface layer is different from that of the interior in that at least one metallic element selected 
from the group consisting of Ca, Ti, Zn, Sr, Ba. Y, Cd, Co, Cr, Bi and lanthanoids, in addition to Ni, is contained in the 
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surface layer, or in that the element is contained at a concentration higher than that of the interior. 

In a preferred mode of the present invention, an average amount x of the whole metallic elements except for Ni con- 
tained in the surface layer of the nickel based multi-metals oxide is represented by the formula: 

5 0.01 <; x <: 0.4 

when the number of atoms of the total metallic elements containing Ni is 1 . 

In another preferred mode of the present invention, the average composition of the interior is different from that of 
the surface layer in that at least one element selected from the group consisting of AI, V, Cr, Mn, Fe. Cu, Ge, Zr, Nb, Mo, 
io Ag, Sn, Sb and W, in addition to Ni, is contained in the interior of the oxide except for the surface layer, or in that the 
element is contained in a concentration higher than that of the surface layer. 

In still another preferred mode of the present invention, an average amount y of the whole metallic elements except 
for Ni contained in the interior of the nickel based multi-metals oxide except for the surface layer is preferably within the 
range represented by the formula: 

15 

0.01 £ y <; 0.35 

when the number of atoms of the total metallic elements containing Ni is 1. 

The nickel based multi-metals oxide is a solid solution nickel oxide material with a metallic element other than Ni 
20 incorporated therein, preferably a nickel hydroxide solid solution. The nickel based multi-metals oxide may be com- 
posed of an eutectic crystal of oxides of Ni and the respective metallic element other than Ni. 

It is preferred that a large number of micropores of the nickel based multi-metals oxide have an average pore diam- 
eter of not more than 200 angstroms and the micropores in the vicinity of the surface layer communicate with each 
other. 

25 It is preferred that the thickness of the surface layer in the nickel based multi-metals oxide is from 10 to 500 nm. 

It is preferred that the nickel based multi-metals oxide is a powder having an average diameter of not more than 1 00 
jxm. the powder having a spherical shape or a shape which resembles the spherical shape and having a tap density of 
not less than 1 .5 g/cc. The active material of the present invention is obtained as a powder prepared by a precipitation 
method, or an active material deposited electrochemically in or on a porous conductive substrate. 

30 The present invention also provides a positive electrode for an alkaline storage battery comprising a conductive 
supporting member and an active material mixture supported on the conductive supporting member, the active material 
mixture containing the above active material. 

While the novel features of the invention are set forth particularly in the appended claims, the invention, both as to 
organization and content, will be better understood and appreciated, along with other objects and features thereof, from 

35 the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a schematic diagram showing an active material powder of the present invention. 
40 FIG. 2 is a schematic diagram showing a principal part of a positive electrode filled with the active material of the 
present invention. 

FIG. 3 is a partially enlarged schematic diagram showing the same positive electrode. 

FIG. 4 is a graph showing a relation between the thickness of a surface layer in an electrode using an active mate- 
rial having the surface layer of a solid solution nickel hydroxide material with Ca incorporated therein, and the difference 
45 t] between an oxygen evolution potential and a charge potential. 

FIG. 5 is a graph showing a relation between the amount of Zn incorporated in a surface layer in an electrode using 
an active material having the surface layer of a solid solution nickel hydroxide material with Zn incorporated therein, and 
the difference t| between an oxygen evolution potential and a charge potential. 

FIG. 6 is a graph showing charge/discharge curves of batteries using the electrodes of Examples 4 and 5 and Com- 
so parative Example 2. 

FIG. 7 is a graph showing charge/discharge curves of batteries using the electrodes of Examples 7, 9 and 10 and 
Comparative Examples 2, 3 and 6. 

FIG. 8 is a graph showing a relation between the amount of Mn incorporated and the electrode capacity density in 
an electrode using an active material of a solid solution nickel hydroxide material with Mn incorporated in the interior. 
55 FIG. 9 is a graph showing charge/discharge curves of batteries using the electrodes of Examples 1 1 and 12 and 
Comparative Examples 2 and 3. 

FIG. 10 is a graph showing charge/discharge curves of batteries using the electrodes of Examples 12 and 13 and 
Comparative Example 9. 
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FIG. 1 1 is a graph illustrating a change in cycle of a discharge capacity of the electrodes of Example 12 and Com- 
parative Example 10. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

The present invention aims at a high energy density electrode, and the improvement was conducted with paying 
special attention to the fallowings so as to solve the above-described problems in the nickel electrode. 

(1) It is useful to incorporate a certain metallic element other than Ni into the nickel oxide to improve battery per- 
10 fbrmance at high temperature. However, with respect to the effect of increasing the oxygen evolution overvoltage 

by the incorporation of other elements, the degree of contribution is small at the place other than a solid-liquid inter- 
face, that is, the vicinity of the active material surface. Accordingly, when an element other than Ni is incorporated 
into the whole active material as usual, the effect in proportion to the addition amount is not easily obtained. 

Under these circumstances, in the present invention, an element having the above effect is incorporated in the 

15 vicinity of the surface layer of the active material powder and the surface layer feeing micropores of the powder 
close to the above place. Alternatively, the addition amount is controlled to a value larger than that of the interior. 
The present inventors have found that a remarkable effect on improvement of the oxygen evolution potential can be 
obtained by this construction. 

The term "surface layer" used herein means a surface which effectively serves, electrochemically. that is, a 

20 region which is about 500 angstroms away from the active material surface in a depth direction, tt was confirmed 
that the remarkable effect on improvement of the oxygen evolution overvoltage is obtained by incorporating the ele- 
ment in this region. This means that a sufficient effect can be obtained by incorporating the element having the 
effect of improving the oxygen evolution overvoltage only in the surface layer and the same effect can be obtained 
by incorporating the element in an amount smaller than that of a conventional method of incorporating the element 

25 in the whole active material powder. In other words, the effect on improvement of the energy density is also pro- 
vided so as to prevent a decrease in amount of Ni in the active material for supporting the charge/discharge reac- 
tion. As a matter of course, when an expensive element is incorporated, it is extremely effective for reducing the 
material cost 

Examples of the element having such an action include Ca. Ti. Zn, Ba. Y. Cd, Co. Cr. Bi and lanthanoids. 

30 Among them, Ca is easily incorporated into nickel hydroxide to form a solid solution. With respect to the solid solu- 
tion nickel hydroxide material with Ca incorporated therein, the charge efficiency at high temperature is drastically 
improved and the utilization is also excellent. Accordingly, Ca is useful as an additive element. Since Ti increases 
the oxygen evolution potential, it has an effect on improvement of the charge efficiency at high temperature. Co 
improves not only the charge efficiency at high temperature, but also the conductivity. Accordingly, it is preferably 

35 incorporated in combination with other elements. Since a small amount of Y drastically improves the charge effi- 
ciency at high temperature. Y is advantageous for increasing the content of Ni. 

A suggestion of coating the active material surface with a layer composed only of a metal oxide other than Ni 
oxide such as Co oxide. Mn oxide, Cd oxide, etc. has recently been made (U.S. Patent No. 5,523,182). However, 
this metal oxide layer is not an active material which conducts the redox reaction by itself, but one for securing the 

40 conductivity between the active material particles or the active material and the substrate. Therefore, it is disadvan- 
tageous as a high energy density material. To the contrary, in the present invention, the surface layer is a part of 
the active material which conducts the redox reduction by itself and it improves the charge efficiency by increasing 
the oxygen evolution overvoltage with minimal decrease in Ni content. 

(2) it has been considered that y-NiOOH is inert. However, it has been found that an oxide incorporated with some 
45 additive elements is a nickel hydroxide of the p phase in the noncharged state, but forms y-NiOOH during charge 

at normal temperature or under high temperature atmosphere and the y-NiOOH thus formed is easily discharged 
at the battery voltage within the normal range, thereby to return again to the oxide of the p phase. Such an active 
material has an advantageous high density at the construction of the electrode and ^NiOOH which has a higher 
oxidation state of Ni than the conventional p-NiOOH phase is used during charge/discharge. Accordingly, it is 

so extremely effective for improving the energy density. Incidentally, with respect to some additive elements such as 
Al, etc., the oxide of the a-phase is slightly formed at the production of the powder. However, it is unstable and dis- 
appears if maintained in an alkaline solution for a long time. 

Since the incorporation of other elements into the nickel oxide causes a decrease in amount of Ni for support- 
ing the charge/discharge reaction, it is necessary to pay attention to selection of the additive element and optimi- 

55 zation of the addition amount so as to realize a higher capacity of the active material so that the decrease in amount 
of Ni due to incorporation of other elements does not exceed a merit of the improvement in utilization of the active 
material by using -^NiOOH. Although it varies depending on the kind of the additive element, when the addition 
amount is very low or exceeds the solid solubility, it sometimes becomes difficult to obtain an effect on promotion 
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of the formation of rNiOOH during charge. 

When other elements are incorporated into the nickel oxide, it is useful for improving performances to incorpo- 
rate a plurality of species of elements. The optimization of the addition amount must be conducted with respect to 
the whole amount of elements incorporated. 

5 In such way, when using a material which becomes low density during charge, a change in density during 

charge/discharge becomes large; therefore a problem of the cycle life is likely to take place. This problem can be 
solved to the degree that nothing interferes in practice, by using a small amount of a binder at the time of production 
of the electrode and imparting fast'conductivity to the electrode, as described hereinafter. 

Since r-NiOOH has a discharge potential lower than that of p-NiOOH, when employing the above material 

10 using rNiOOH as the active material, the discharge voltage of the battery is lowered, which results in decrease in 
energy density. Accordingly, it is more advantageous to incorporate the additive element more into the interior than 
the vicinity of the active material surface in order to promote the formation of y-NiOOH. Examples of the element 
used for the purpose include At, V, Cr. Mn, Fe, Cu, Ge, Zr. Nb, Mo and Ag. Among them, since Mn increases the 
amount of formation of the y phase which is liable to be discharged than the other elements do. the utilization of the 

is active material is enhanced. Since the p phase is easily synthesized, a high density crystal can be obtained under 
a suitable condition. Al not only improves the utilization, but also specifically increases the discharge potential. Cr 
also has an effect on improvement of the charge efficiency at high temperature. Among these elements, an element 
which is liable to elute, such as Cr, is contained. Accordingly, it is effective that such an element is incorporated into 
the interior of the active material. Since Al has also an effect on increasing the discharge voltage, it may be incor- 

20 porated in the vicinity of the surface in a larger amount in comparison with other elements. Also, in this case, if the 
amount of Al of the surface is larger than that of the interior with respect to the total amount of AJ and other ele- 
ments, the above effect can be obtained. Incidentally, Mn and Fe are cheaper than Ni and, therefore, they also con- 
tribute to reduce the material cost. 

(3) With the improvement of the energy density, it is extremely effective to use the above means (1) and (2) in com- 
25 bination so as to improve the high rate discharge characteristic and/or charge characteristic at high temperature. 

That is, the above-described problems can be solved simultaneously by using different materials in the surface and 
the interior, thereby to impart a different function to them. Therefore, it becomes possible to provide a positive elec- 
trode for an alkaline storage battery having high energy density under various use conditions. 

(4) Wrth respect to the state of these elements, they are preferably incorporated into the crystal of Ni(OH) 2 in view 
30 of the action thereof. However, with respect to the element of improving the high-temperature charge characteristic, 

the effect can be recognized even if it is in an eutectic state. 

(5) With respect to the shape of the powder, it is advantageous to form into a spherical powder or a powder having 
a shape which is close to the spherical shape in order to improve the energy density in view of ease of filling into a 
two- or three-dimensional metal porous substrate. 

35 (6) Wrth respect to the structure of the active material powder, diffusion of the electrolyte becomes good by using 
many micropores and the reaction area increases by increasing the solid-liquid interface. Particularly, it becomes 
possible to conduct rapid electrode reaction at high rate discharge. When rapid electrode reaction is not conducted, 
the overvoltage during discharge increases and the discharge voltage is lowered. In the material using the y phase, 
since deintercalation/intercalation of alkaline ions occurs as a result of the charge/discharge reaction, it is important 

40 to increase the reaction surface of the electrode surface in such way. In order to effectively fill the active material in 
the electrode, it is essential that the density as the powder is high. It is preferred that a large number of micropores 
of the active material have a pore diameter of not more than about 200 angstroms and the micropores in the vicinity 
of the surface layer communicate with each other. 

(7) According to the present invention, the characteristics of the active material are extremely improved. For use as 
45 the electrode, the conductivity of the active material as the electrode plate must be secured. As described above, 
the conductivity of the active material itself is secondarily improved by incorporating other elements into Ni(OH) 2 . 
However, in the case of constituting the electrode by filling the active material in the two- or three-dimensional metal 
porous substrate, it is important to compensate the conductivity between the active material powders or the active 
material and the electrode substrate. Particularly, when the degree of swelling/shrinking is large, like this material, 
so it is effective to provide a fast coat or network on the surface of the active material powder by using a porous con- 
ductive layer comprising a lot of crystallites of metal oxides or metals. 

Examples of the present invention will be explained in detail hereinafter. 

FIG. 1 is a schematic diagram showing an active material powder of the present invention, wherein an average 
55 composition in the vicinity of a surface layer is different from that of the interior. The term "in the vicinity of a surface 
layer" includes not only a surface layer of a particle itself but also a part facing micropores. 

The surface layer is composed of a solid solution Ni(OH) 2 material with Ca and Y incorporated therein. Ca and Y 
respectively have an action of increasing an oxygen evolution potential. As a result of this action, oxygen evolution on 
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the surface of the active materia! is inhibited and the charge efficiency is improved, particularly under a high-tempera- 
ture (e.g. 45°C I etc.) atmosphere. Therefore, it becomes possible to conduct deep charge of the active material. On the 
other hand, the interior of the powder is composed of a solid solution Ni(OH) 2 material with Mn, Al and Cr incorporated 
therein. Since Mn and Al respectively have an action of promoting formation of y-NiOOH, this active material can be 
5 charged in a capacity larger than that of a conventional active material. The solid solution yNiOOH material including 
these additive elements is discharged at a voltage within the range which is normally used. Accordingly, the utilization 
of the active material is improved. Although the discharge voltage is drastically lowered by incorporating Mn, a decrease 
in voltage and elution of an additive element for forming a solid solution by incorporation (exclusively Cr, Al) are pre- 
vented by the surface layer without incorporation of Mn. The embodiment using Ca. Y, Mn, Al and Cr as the additive 
10 element for forming a solid solution by incorporation was explained, but the other additive element for forming a solid 
solution by incorporation can also be applied. 

As the shape of the active material, a spherical shape is preferred in view of ease of filling into a metal porous sub- 
strate. Therefore, the case where the active material has a spherical shape was exemplified. 

FIG. 2 and FIG. 3 respectively show an embodiment wherein a foamed nickel substrate is filled with an active mate- 
rs rial. In these figures, numeral 1 indicates a skeleton of the foamed nickel substrate. An active material mixture compris- 
ing an active material powder 2 coated with a porous conductive layer 3 of CoOOH, a Y2O3 powder 4 and a 
tetraf luoroethylene resin 5 as a binder is filled in a three-dimensionally communicating void part Numeral 6 indicates a 
fluorocarbon resin film formed by immersing an electrode In an aqueous dispersion of a fluorocarbon resin, and 
numeral 7 indicates a space part. 
20 In this electrode, active material powder-active material powder and active material-substrate are conductively 
communicated through CoOOH with which the active material is coated. In addition, the CoOOH and fluorocarbon resin 
as the binder inhibit an electrode plate from deteriorating by swelling/shrinking. Furthermore, high-temperature charge 
characteristic is compensated by Y 2 0 3 added. 

A construction of a battery used for evaluating nickel positive electrode plates produced in the following Examples 
25 1 to 1 3 and Comparative Examples 1 to 1 0 will be described. The positive electrode plate is formed into 35 x 35 mm in 
size and an electrode lead is spot-welded to a lead connection part provided previously in a substrate. Then, the posi- 
tive electrode plate is covered with a separator of a sulfonated polypropylene nonwoven fabric and the separator is 
heat-sealed at several positions. 

As a counter electrode, a known negative electrode for an alkaline storage battery whose capacity is enough higher 
30 than that of the positive electrode is used. A negative electrode of a hydrogen storage alloy MmNi 3 .sCoo.sMno^Aloi 
(Mn: misch metal) was used. The characteristics to be handled are not attributable to the negative electrode used, but 
to the positive electrode. Accordingly, the same effect can be obtained even when using another negative electrode for 
an alkaline storage battery, for example, Zr-Mn-V-Co-Ni system hydrogen storage alloy negative electrode, Cd elec- 
trode or Zn electrode. 

35 The above hydrogen storage alloy was prepared by mixing Mm, Ni, Co, Mn and Al in a predetermined ratio, followed 
by melting in an arc melting furnace. The resultant alloy ingot was mechanically ground, thereby to form powders having 
a particle diameter of 30 Jim. To the powders added was an aqueous solution of carboxymethylcellulose as the binder, 
followed by kneading, thereby to give a paste. The paste was filled in a substrate and pressed, thereby to obtain a 
hydrogen storage alloy negative electrode plate having a thickness of 0.45 mm and a capacity density of 1350 mAh/cc. 

40 This negative electrode plate was cut into a size of 35 x 35 mm. In the same manner as in the case of the positive elec- 
trode, an electrode lead was spot-welded and the negative electrode plate was covered with a separator of a sulfonated 
polypropylene nonwoven fabric, and then the separator was heat-sealed at several positions. The above positive elec- 
trode was interposed between these two negative electrodes and, after inserting them in a battery case. 400 ml of an 
aqueous 30 wt% KOH solution is poured into the battery case. The characteristics of nickel electrode plates obtained 

45 in the following Examples and Comparative Examples are evaluated by the vent type nickel-metal hydride batteries thus 
produced. 

Comparative Example 1 

50 A platinum plate having a thickness of 0.5 mm was cut into a size of 35 x 35 mm and an electrode lead was spot- 
welded. A cathode of this platinum plate and a counter electrode of the same platinum plate were immersed in an aque- 
ous Ni(N0 3 ) 2 solution (1 mol/l) in an electrolysis vessel and a current (25 mA) was passed for 3 hours, thereby to elec- 
trochemically deposit Ni(OH) 2 on the cathode. The platinum plate on which Ni(OH) 2 was deposited was subjected to an 
alkaline treatment by immersing it in an aqueous 30 wt% caustic alkali solution at 60°C for 40 hours, washed with water 

55 and then dried, thereby to obtain a nickel positive electrode plate. 
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Example 1 

An aqueous mixed solution (1 liter) containing Ni(N0 3 ) 2 (0.8 mol/l) and Ca(N0 3 ) 2 (0.2 mol/l) was prepared. In this 
solution, a nickel electrode plate obtained in the same manner as that described in Comparative Example 1 and a coun- 
ter electrode of a platinum plate were immersed. Then, a current (25 mA) was passed for 1 hour using the nickel elec- 
trode plate as the cathode. The above nickel electrode plate was subjected to an alkaline treatment by immersing rtwi 
an aqueous 30 wt% KOH solution at 60«C for 40 hours, washed with water and then dried. Thus, a positive electrode 
plate comprising a deposited layer of Ni(OH) 2 having a thickness of 500 nm. which has a surface layer of a solid so uton 
Ni(OH) 2 material with Ca incorporated therein, was obtained. In the same manner as described above exceptforcon- 
trolling the quantity of electricity, a positive electrode plate comprising a deposited layer of Ni(OH) 2 having a thickness 
of 5?. 100. 200. 500 or 1000 nm. which has a surface layer of a solid solution Ni(OH) 2 material with Ca incorporated 
therein, was obtained. 

Example 2 

A platinum plate having a thickness of 0.5 mm was cut into a size of 35 x 35 mm and an electrode lead was spot- 
welded The resultant plate was immersed in an aqueous NiS0 4 solution (1 mol/l) and subjected to cathodic polariza- 
tion to deposit Ni(OH) 2 . Then, the plate was subjected to an alkaline treatment by immersing it in an aqueous 30 wt% 
KOH solution for 24 hours, washed with water and dried. „,„„^ ,„ ^ -mTA-i 

To an aqueous NiSO. solution added was ethylenediaminetetraacetic acid (hereinafter referred to as EDTAj, 
thereby to form a complex. In the same manner as described above. EDTA was added to an aqueous Ca(N0 3 h solu- 
tion, thereby to form a complex. Both solutions were mixed in a desired ratio and deionized water and an aqueous 
NaOH solution were added to the solution so as to adjust the pH. thereby to prepare a mixed solution (pH 1 1.5) con- 
taining Ni and Ca in the form of a complex ion in an amount of 0.8 mol/l and 0.2 mol/l. respectively. A nickel electrode 
plate obtained in the same manner as that described in Comparative Example 1 was immersed 'n the mixed soluhon (1 
liter) thus obtained, followed by heating to BO'C. Then, the above nickel electrode plate was subjected to an alkaline 
treatment by immersing it in an aqueous 30 wt% KOH solution tor 24 hours, washed with water and then dried. Thus a 
positive electrode plate comprising a Ni(OH) 2 deposited layer having a surface layer of a solid soluton N.(OH) 2 matenal 
with Ca incorporated therein was obtained. r^.~»; a i r>f 

FIG 4 shows a relation between the difference n between an oxygen evolution potential and a charge P°m«u" 
electrodes of Example 1 and Comparative Example 1 . and the thickness of a surface layer containing Ca in a N.(OH) 2 
deposited layer. As is apparent from FIG. 4. the electrode plate having the surface layer contain.ng Ca has a value of n 
larger than that of the electrode of Comparative Example 1 having no surface layer containing Ca. Accordingly tne 
charge efficiency is improved. On the other hand, when the thickness of the surface layer containing Ca is not less than 
500 nm. ii becomes approximately constant Accordingly, the improvement in charge efficiency is sufficient rf the elec- 
trode plate has the surface layer containing Ca. which has a thickness of about 500 nm. 

The electrode plate of Example 1 was coated with a plate-shaped thin film whose surface contains less micropores. 
The electrode plate of Example 2 had a porous plate wherein a large number of micropores are present Table 1 shows 
an average discharge voltage in the case where electrode plates of Example 1. Example 2 and Comparative Example 
1 were charged at 2 mA tor 10 hours and then discharged at 10 mA 



Table 1 





Surface layer 


Interior 


Average discharge volt- 
age(mV) 


Comparative example 1 




Ni(OH) 2 


1.05 


Example 1 


Nio. 9 Cao.i(OH) 2 


Ni(OH) 2 


1.08 


Example 2 


Ni 0 .9Cao.i(OH) 2 


Ni(OH) 2 


1.12 



The electrode of Example 2 had an average discharge voltage higher than that of the electrode of Example 1 . Two 
positive electrodes were prepared in the same manner as in Example 1 and Example 2. respectively except tor elec- 
trochemically depositing a solid solution Ni(OH) 2 material with Mn incorporated therein in place of Ni(OH) 2 . and the 
average discharge voltage was compared between both positive electrodes. As a result, the latter showed higher aver- 
age discharge voltage than the former. Accordingly, it is preferred that the surface layer of the active material contains 
a large number of micropores! 
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15 



Example 3 

An aqueous mixed solution (1 liter) containing Ni(N0 3 ) 2 (0.9 mol/l) and Zn(N0 3 ) 2 (0-1 ^"SS^ShS 
NifOm, oositive electrode plate having a thickness of 500 nm. which has a surface layer of a soWsduton N.(OH) 2 
S S?n SSSSSSSi therein, was obtained in the same manner as that described in Example 1 _ By ^hanging 
^ibS»3) 2 and Zn(N0 3 ) 2 . a positive electrode plate comprising a depositedlayer of N,(OH) 2 . wh,ch 
has a surface layer of a solid solution Ni(OH) 2 containing a desired amount of Zn. was obtained 

FIG. 5 shows a relation between the difference n between an oxygen evolubon potent. al and g^MavS 
electrode plates of Example 3 and Comparative Example 1 . and the amount of Zn imported into the N,(OH) 2 layer 
tSSgL The amoum x incorporated is a value when the number of nickel ^VJJ^^" * J 
apparent from FIG. 5, when the amount of Zn incorporated in the surface layer is not less than 0.05. an 'increase hv njs 
3S^Sm However, when the amount of Zn incorporated is not less ^ O^j o ZnO was recog- 
nized AccoTdingly the amount of Zn incorporated into the surface layer .s preferably from about 0.05 to OA 

In Sove ExamSs and Compared Examples. Ca or Zn was used as the element to be contained ,n he sur- 
face taje? Si I K possible to use one or more metallic elements selected ^W^Jjj 
Sr Ba Y Cd Co. Cr! Bi andlanthanoids in place of Ca and Zn. In order to form the surface layer ofN.(OH) 2 eon tarn* 
M m^tSic elements, me same method as that d«cribed above can be used and the same effs* can tadtt^ 

The difference q between the oxygen evolution potential and the charge potent^ of the electrode produced by 
using these metallic elements in the same manner as that described in Example 1 .s shown ,n Table 2. 



20 



Table 2 




Surface layer 


Interior 


Oxygen evolution poten- 
tial-charge potential(mV) 


25 


Ni 0 .9Cao.i(OH) 2 


Ni(OH) 2 


48 




Ni 0 .9Tio.i(OH) 2 


Ni(OH) 2 


60 




Ni 0 . 9 2 n 0.i(O H )2 


Ni(OH) 2 


35 


30 


Nio. 9 Sro.i(OH) 2 


Ni(OH) 2 


32 




Nio.gBao.^OHJz 


Ni(OH) 2 


33 




Nio. 9 Yo.i(OH) 2 


Ni(OH) 2 


52 




Ni 0 .9Cd 0 .i(OH) 2 


Ni(OH) 2 


32 


35 


Ni 0 .9Cr 0 .i(OH) 2 


Ni(OH) 2 


45 




Nio.gLao.itO^ 


Ni(OH) 2 


28 




Ni 0 ^Nd 0 .i(OH) 2 


Ni(OH) 2 


26 


40 


Ni 0 . 9 Yb a i(OH) 2 


Ni(OH) 2 


47 




Ni 0 . 9 Cao!o5Tio.05(OH) 2 


Ni(OH) 2 


82 



45 



50 



55 



Example 4 

An aqueous NiS0 4 solution (1 mol/l). an aqueous NaOH solution (2 mol/l) and ^^r^ffi^e^JZ- 
pared and they were continuously fed to a reaction vessel equipped w,th a st.rr.ng b lade a * « r ^«°" ^ , r ^;I e ^ | 
«vpIv The sunolied solutions were mixed and stirred in the reaction vessel continuously, thereby to produce nicKei 
£££ alu^pension containing the particles which was consecutively, ^"^mto^on 
vessel was collected The resultant nickel hydroxide particles were washed with water by decantation and .mmersed in 
an SLeousl! S KcS solution maintained at 40'C for 5 hours, followed by washing with water and further dry.ng. 
thereby to obtain a spherical Ni(OH) 2 powder having an average particle diameter of 20 |im g 

Then. EDTA wasadded to an aqueous NiS0 4 solution, thereby to form a complex. In ' *«ame n^nner. I EDTO was 
added to an aqueous Ca{N0 3 h solution, thereby to form a complex. Solutions containing each complex . i a 
minS atio were mixed togethe^rarddeionizedv^ter and an aqueous NaOH solution were added to the so^ 
to aojuS tSe P H Sy to prepare a mixed solution (pH 1 1 .5) containing Ni and Ca in the form of a comp ex ion nn ,an 
amount oVo.S mol/l and o/nS. respectively. The Ni(OH) 2 powder (50 g) obta ned ab ^l^^^ 
solution (1 liter), followed by heating to 80'C with stirring. The resultant suspense was centnfuged and the superna 
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tarrt was substituted with deionized water and the resultant crystallite was removed by fluid classification, followed by 
washing with water and further drying. Thus, a spherical powder having an average particle diameter of 20.5 Jim was 
obtained. Hereinafter, this powder is referred to as "powder A". 

To 1 00 g of this powder A, 1 0 g of a Co(OH) 2 powder as an additive. 0.5 g of a tetraf luoroethylene resin (hereinafter 
5 referred to as "PTFE").*30 9 of ethanol and 30 g of water were added, followed by kneading, thereby to form a paste. A 
foamed nickel substrate having a porosity of 95% was filled with this paste, dried and then pressure-molded, thereby to 
obtain a nickel positive electrode plate having a thickness of 0.6 mm and a porosity of 25%. 

Example 5 

10 

When preparing the mixed solution of the EDTA complex of nickel and the EDTA complex of calcium in Example 4. 
a complex prepared by adding EDTA to an aqueous TiCI 3 solution was blended in a predetermined ratio. Deionized 
water and an aqueous NaOH solution were added to this mixed solution so as to adjust the pH. thereby to prepare a 
mixed solution (pH 1 1.5) containing Ni, Ca and Ti in the form of a complex ion in an amount of 0.8 mol/1. 0.1 mol/l and 
15 0.1 mol/l. respectively. In the same manner as that described in Example 4 except for using the resulting mixed solution, 
a spherical powder having an average particle diameter of 21 p,m was obtained. Hereinafter, this powder is referred to 
as "powder B". Using this powder B. a nickel positive electrode plate was obtained in the same manner as that 
described in Example 4. 

20 Example 6 

An aqueous mixed solution containing NiS0 4 (0.9 mol/l). C0SO4 (0.02 mol/l) and ZnS0 4 (0.02 mol/l), an aqueous 
NaOH solution (2 mol/1) and aqueous NH 3 (2.1 mo!/!) were prepared and they were continuously fed to a reaction vessel 
equipped with a stirring blade at a rate of 1 ml/minute, respectively. The supplied solutions were mixed and stirred in the 

25 reaction vessel continuously, thereby to produce nickel hydroxide particles. Then, a suspension containing the particles 
which was consecutively discharged from the reaction vessel was collected. Trie resultant particles were washed with 
water by decantation and then dried, thereby to obtain a spherical Ni(OH) 2 powder having an average particle diameter 
of 1 8 nm, which contains Co and Cd. 

Then, EDTA was added to an aqueous mixed solution containing NiS0 4 , CoS0 4 and CdS0 4 in a molar ratio of 

so 92:4:2, thereby to form a complex. In the same manner, EDTA was added to an aqueous Ca(N0 3 ) 2 solution, thereby to 
form a complex. Solutions containing each complex in a predetermined ratio were mixed together and deionized water 
and an aqueous NaOH solution were added to the solution so as to adjust the pH. thereby to prepare a mixed solution 
(pH 1 1.5) containing Ni. Co, Cd and Ca in the form of a complex ion in an amount of 0.92 mol/1. 0.04 mol/1, 0.02 mol/1 
and 0.02 mol/l, respectively. The Ni(OH) 2 powder (50 g) containing Co and Zn obtained above was mixed with the mixed 

35 solution (1 liter), followed by heating to 80°C with stirring. The resultant suspension was centrifuged and the superna- 
tant was substituted with deionized water and the resultant crystallite was removed by fluid classification, followed by 
washing with water and further drying. Thus, a spherical powder having an average particle diameter of 18.5 yim was 
obtained. Hereinafter, this powder is referred to as "powder C. 

Using this powder C, a nickel positive electrode plate was obtained in the same manner as that described in Exam- 

40 pie 4. 

Example 7 

An aqueous mixed solution containing NiS0 4 (0.9 mol/l) and MnS0 4 (0.1 mol/l), an aqueous NaOH solution (2 
45 mol/l) and aqueous NH 3 (2.1 mol/1) were prepared and they were continuously fed to a reaction vessel equipped with a 
stirring blade at a rate of 1 ml/minute, respectively. The supplied solutions were mixed and stirred in the reaction vessel 
continuously, thereby to produce nickel hydroxide particles. Then, a suspension containing the particles which was con- 
secutively discharged from the reaction vessel was collected, the resultant particles were washed with water and dried. 
Tiie resultant powder was immersed in an aqueous 30 wt% KOH solution, heated to 40°C with stirring, maintained at 
so the same temperature for 20 hours, washed with water and then dried. Thus, a spherical powder having an average par- 
ticle diameter of 1 9.5 Jim was obtained. 

Then, EDTA was added to an aqueous NiS0 4 solution, thereby to form a complex. Furthermore, in order to adjust 
the pH, deionized water and an aqueous NaOH solution were added to the solution, thereby to prepare a mixed solution 
(pH 1 1 .5) containing Ni in the form of a complex ion in an amount of 1 mol/l. The Ni(OH) 2 powder (50 g) obtained above 
55 was mixed with this solution (1 liter), followed by heating to 80°C with stirring. The resultant suspension was centrifuged 
and the supernatant was substituted with deionized water and the resultant crystallite was removed by fluid classifica- 
tion, followed by washing with water and further drying. Thus, a spherical powder having an average particle diameter 
of 20 *im was obtained. Hereinafter, this powder is referred to as "powder D". 
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Using this powder D, a nickel positive electrode plate was obtained in the same manner as that described in Exam- 
ple 4. 

Example 8 

5 

By changing the concentration of the aqueous NiS0 4 -MnS0 4 mixed solution in Example 7, a spherical Ni(OH) 2 
powder represented by Ni^Mnx (x is 0.05, 0.2 or 0.4) having an average particle diameter of 19.5 Jim, which contains 
Mn, was produced. This powder was treated in the same manner as that described in Example 7, thereby to obtain a 
spherical powder having an average particle diameter of 20 jim. Using this powder, a nickel positive electrode plate was 
10 produced in the same manner as that described in Example 4. 

Example 9 

An aqueous mixed solution containing NiS0 4 (0.9 mot/l) and MnS0 4 (0.08 mol/l). an aqueous Cr(N0 3 ) 3 solution 
is (0.02 mol/l), an aqueous NaOH solution (2 mo!/l) and aqueous NH 3 (2.1 mol/l) were prepared. The solutions were suc- 
cessively supplied to a reaction vessel each at a rate of 1 ml/min, and agitated in the reaction vessel continuously. As 
a result, particles, which are reaction products, became to be produced constantly. Then, a suspension containing the 
particles which was consecutively discharged from the reaction vessel was collected, and the particles were separated 
and washed with water, which were then immersed in an aqueous 30 wt% KOH solution at 40°C for 5 hours, washed 
20 and then dried. In this way, a spherical Ni(OH) 2 powder having an average particle diameter of 21 jim incorporated with 
Mn and Cr was obtained. Then, this powder was provided with a surface layer of Ni(OH) 2 in the same manner as that 
described in Example 4, thereby to obtain a spherical powder having an average particle diameter of 21 .5 jxm. Herein- 
after, this powder is referred to as "powder E". 

Using this powder E. a nickel positive electrode plate was obtained in the same manner as that described in Exam- 
25 pie 4. 

Example 10 

An aqueous mixed solution containing NiS0 4 (0.9 mol/l). MnS0 4 (0.08 mol/l), AI 2 (S0 4 ) 3 (0.01 mol/l) and CrCNO^ 
30 (0.01 mol), an aqueous NaOH solution (2 mol/I) and aqueous NH 3 (2.1 mol/l) were prepared. The solutions were suc- 
cessively supplied to a reaction vessel each at a rate of 1 ml/min, and agitated in the reaction vessel continuously. As 
a result, particles, which are reaction products, became to be produced constantly. Then, a suspension containing the 
particles which was consecutively discharged from the reaction vessel was collected, and the particles were separated 
and washed with water, which were then immersed in an aqueous 30 wt% KOH solution at 40*C for 5 hours, washed 
35 with water and then dried. Thus, a spherical powder having an average particle diameter of 23 was obtained. 

On the other hand, a solution containing Ni and Al in the form of a complex ion in an amount of 0.95 mol/1 and 0.05 
mol/l, respectively, whose pH was adjusted to 1 1 .5 by adding deionized water and an aqueous NaOH solution, was pre- 
pared. The powder (50 g) obtained above was mixed with this solution (1 liter), followed by heating to 80°C with stirring. 
The resultant suspension was centrifuged and the supernatant was substituted with deionized water and the resultant 
40 crystallite was removed by fluid classification, followed by washing with water and further drying. Thus, a spherical pow- 
der having an average particle diameter of 10.5 jim was obtained. 

This powder (50 g) was mixed with an aqueous 30 wt% KOH solution (1 liter), followed by heating to 60°C with stir- 
ring and further maintained for 20 hours. The resultant solution was centrifuged and the light yellow-colored superna- 
tant was substituted with deionized water, followed by washing with water and further drying, thereby to obtain a powder 
45 having an average particle diameter of 24 um Hereinafter, this powder is referred to as "powder F\ 

Using this powder F, a nickel positive electrode plate was obtained in the same manner as that described in Exam- 
ple 4. 

Example 11 

50 

An aqueous mixed solution containing NiS0 4 (0.9 mol/I) and MnS0 4 (0.1 moi/l). an aqueous NaOH solution (2 
mol/l) and aqueous NH 3 (2.1 mol/l) were prepared. The solutions were successively supplied to a reaction vessel each 
at a rate of 1 ml/min, and agitated in the reaction vessel continuously. As a result, particles, which are reaction products, 
became to be produced constantly. Then, a suspension containing the particles which was consecutively discharged 
55 from the reaction vessel was collected, and the particles were separated and washed with water, which were then 
immersed in an aqueous 30 wt% KOH solution at 40°C for 5 hours, washed with water and then dried. Thus, a spherical 
Ni(OH) 2 powder having an average particle diameter of 1 2 \im, which contains Mn, was obtained. 

This powder was treated in the same manner as that described in Example 4, and then a surface layer of Ni(OH) 2 
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Using this powder D, a nickel positive electrode plate was obtained in the same manner as that described in Exam- 
ple 4. 

Example 8 

5 

By changing the concentration of the aqueous NiS0 4 *MnS0 4 mixed solution in Example 7, a spherical Ni(OH) 2 
powder represented by Ni^xMrix (x is 0.05. 0.2 or 0.4) having an average particle diameter of 19.5 \im t which contains 
Mn. was produced. This powder was treated in the same manner as that described in Example 7, thereby to obtain a 
spherical powder having an average particle diameter of 20 |tm. Using this powder, a nickel positive electrode plate was 
10 produced in the same manner as that described in Example 4. 

Example 9 

An aqueous mixed solution containing NiS0 4 (0.9 mol/l) and MnS0 4 (0.08 mol/I), an aqueous Cr(N0 3 ) 3 solution 
75 (0.02 mol/l). an aqueous NaOH solution (2 mol/t) and aqueous NH 3 (2.1 mol/l) were prepared. The solutions were suc- 
cessively supplied to a reaction vessel each at a rate of 1 mt/min, and agitated in the reaction vessel continuously. As 
a result, particles, which are reaction products, became to be produced constantly. Then, a suspension containing the 
particles which was consecutively discharged from the reaction vessel was collected, and the particles were separated 
and washed with water, which were then immersed in an aqueous 30 wt% KOH solution at 40°C for 5 hours, washed 
20 and then dried. In this way. a spherical Ni(OH) 2 powder having an average particle diameter of 21 \itn incorporated with 
Mn and Cr was obtained. Then, this powder was provided with a surface layer of Ni(OH) 2 in the same manner as that 
described in Example 4, thereby to obtain a spherical powder having an average particle diameter of 21 .5 jim. Herein- 
after, this powder is referred to as "powder E M . 

Using this powder E, a nickel positive electrode plate was obtained in the same manner as that described in Exam- 
25 pie 4. 

Example 10 

An aqueous mixed solution containing NiS0 4 (0.9 mol/l). MnS0 4 (0.08 mol/l). AI 2 (S0 4 ) 3 (0.01 mol/l) and Cr(N0 3 ) 3 
30 (0.01 mol), an aqueous NaOH solution (2 mol/l) and aqueous NH3 (2.1 mol/l) were prepared. The solutions were suc- 
cessively supplied to a reaction vessel each at a rate of 1 ml/min, and agitated in the reaction vessel continuously. As 
a result, particles, which are reaction products, became to be produced constantly. Then, a suspension containing the 
particles which was consecutively discharged from the reaction vessel was collected, and the particles were separated 
and washed with water, which were then immersed in an aqueous 30 wt% KOH solution at 40°C for 5 hours, washed 
35 with water and then dried. Thus, a spherical powder having an average particle diameter of 23 [im was obtained. 

On the other hand, a solution containing Ni and Al in the form of a complex ion in an amount of 0.95 mol/l and 0.05 
mol/l, respectively, whose pH was adjusted to 1 1 .5 by adding deionized water and an aqueous NaOH solution, was pre- 
pared. The powder (50 g) obtained above was mixed with this solution (1 liter), followed by heating to 80°C with stirring. 
The resultant suspension was centrifuged and the supernatant was substituted with deionized water and the resultant 
40 crystallite was removed by fluid classification, followed by washing with water and further drying. Thus, a spherical pow- 
der having an average particle diameter of 10.5 urn was obtained. 

This powder (50 g) was mixed with an aqueous 30 wt% KOH solution (1 liter), followed by heating to 60°C with stir- 
ring and further maintained for 20 hours. The resultant solution was centrifuged and the light yellow-colored superna- 
tant was substituted with deionized water, followed by washing with water and further drying, thereby to obtain a powder 
45 having an average particle diameter of 24 pm Hereinafter, this powder is referred to as "powder P. 

Using this powder F. a nickel positive electrode plate was obtained in the same manner as that described in Exam- 
ple 4. 

Example 11 

so 

An aqueous mixed solution containing NiS0 4 (0.9 mol/l) and MnS0 4 (0.1 mol/l). an aqueous NaOH solution (2 
mol/I) and aqueous NH 3 (2.1 mol/l) were prepared. The solutions were successively supplied to a reaction vessel each 
at a rate of 1 ml/min, and agitated in the reaction vessel continuously. As a result, particles, which are reaction products, 
became to be produced constantly. Then, a suspension containing the particles which was consecutively discharged 
55 from the reaction vessel was collected, and the particles were separated and washed with water, which were then 
immersed in an aqueous 30 wt% KOH solution at 40°C for 5 hours, washed with water and then dried. Thus, a spherical 
Ni(OH) 2 powder having an average particle diameter of 12 jim, which contains Mn, was obtained. 

This powder was treated in the same manner as that described in Example 4, and then a surface layer of Ni(OH) 2 
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obtained in the same manner as that described in Example 4. 
Comparative Example 6 

5 An aqueous NiS0 4 solution (0.9 mol/l), an aqueous MnS0 4 solution (0.1 mol/1), an aqueous NaOH solution (2 

mol/l) and aqueous NH 3 (2.1 mol/l) were prepared and they were continuously fed to a reaction vessel at a rate of 1 
ml/minute f respectively. After the mixed solution was stirred in the reaction vessel, the resultant suspension was col- 
lected and the precipitate was separated by decantation. The resultant precipitate was washed with water and then 
dried. As a result, a solid solution Ni(OH) 2 powder with Ca incorporated therein, which has an average particle diameter 

w of 12 jim, was obtained. Using this powder, a nickel positive electrode plate was obtained in the same manner as that 
described in Example 4. 

Comparative Example 7 

15 To an aqueous MnS0 4 solution (1 mol/l), an aqueous H 3 P0 4 solution was added, thereby to adjust the pH to 2. 

After the aqueous H2O2 solution was added to this solution, the aqueous H 3 P0 4 solution was further added to adjust 

the concentration of Mn to 0.1 mol/1. 

Then, an aqueous NiS0 4 solution (0.9 mol/l), an aqueous NaOH solution (1.8 mol/l) and aqueous NH 3 (2 mol/l) 

were prepared and they were continuously fed to a reaction vessel at a rate of 1 ml/minute, respectively. After the mixed 
20 solution was stirred in the reaction vessel, the resultant suspension was collected. This suspension was washed with 

water and then dried, thereby to obtain a Ni(OH) 2 powder having an average particle diameter of 20 fim, which contains 

Mn. 

Then, EDTA was added to an aqueous NiS0 4 solution, thereby to form a complex. In the same manner, EDTA was 
added to an aqueous CaCNO^ solution, thereby to form a complex. Both solutions were mixed in a predetermined 

25 ratio, and then deionized water and an aqueous NaOH were added so as to adjust the pH, thereby to prepare a mixed 
solution (pH 9.5) containing Ni and Ca in the form of a complex ion in an amount of 0.8 mol/l and 0.2 mol/l, respectively. 
The Ni(OH) 2 powder (50 g) obtained above was mixed with this solution (1 liter), followed by heating to 80°C with stir- 
ring. The resultant suspension was centrifuged and the supernatant was substituted with deionized water, then the 
resultant crystallite was removed by fluid classification, followed by washing with water and further drying. Thus, a 

30 spherical powder having an average particle diameter of 20.5 urn was obtained. Using this powder, a nickel positive 
electrode plate was obtained in the same manner as that described in Example 4. 

Comparative Example 8 

35 An aqueous NiS0 4 solution (0.9 mol/1), an aqueous MnS0 4 solution (0.1 mol/l) and an aqueous NaOH solution (2 
mol/l) were prepared and they were continuously fed to a reaction vessel at a rate of 1 ml/minute, respectively. After the 
mixed solution was stirred in the reaction vessel, the resultant suspension was collected. The resultant powder was 
washed with water, dried, ground and then sifted, thereby to obtain Ni(OH) 2 powders having a particle diameter of not 
less than 200 Jim and not more than 30 urn, which contain Mn. These powders (50 g) were mixed with an aqueous 30 

40 wt% KOH solution (1 liter), followed by heating to 80°C with stirring and further maintained for 40 hours. The resultant 
was centrifuged and the transparent supernatant was substituted with deionized water, followed by washing with water 
and further drying. These powders were treated with an EDTA complex solution in the same manner as that described 
in Example 4, thereby to obtain powders. Using these powders, nickel positive electrode plates were respectively pro- 
duced in the same manner as that described in Example 4. 

45 FIG. 6 shows charge/discharge curves when batteries using the electrodes of Examples 4, 5 and 6 and Compara- 
tive Examples 2, 4 and 5 are charged at 45°C at a current of 40 mA for 15 hours and then discharged until the battery 
voltage is lowered to 1 .0 V at 20°C at a current of 80 mA. 

As shown in the charge curves of FIG. 6. the electrodes of Examples 4 and 5 have an oxygen evolution potential 
higher than that of the electrode of Comparative Example 2, and charging is sufficiently conducted. On the other hand, 

so in Comparative Example 3 using a Ni(OH) 2 powder containing Ca and Comparative Example 4 wherein Ca(OH) 2 was 
added as an additive at the time of constitution of the electrode, the difference n between the oxygen evolution potential 
and the charge potential is not as large as that of Examples 4 and 5. It is recognized that they are inferior in capacity 
despite a large amount of Ca. This reason is considered as follows, that is. an increase in charge amount by an increase 
in oxygen evolution potential is insufficient and the capacity density is decreased by incorporation of Ca. Example 6 

55 uses an active material particle wherein a widely used solid solution Ni(OH) 2 material with Co and Zn incorporated 
therein is provided with a surface layer of a solid solution Ni(OH) 2 material with Co, Cd and Ca incorporated therein. By 
using a plurality of additive elements in combination in such way. the charge efficiency is sufficiently improved even if 
the amounts of the elements incorporated into the surface layer are small. Incidentally, by using a solid solution Ni(OH) 2 



14 



EP 0 833 397 A1 



containing Ca was provided. Hereinafter, this powder is referred to as "powder OT. Using this powder G, a nickel positive 
electrode plate was obtained in the same manner as that described in Example 4. 

Example 12 

5 

An aqueous mixed solution containing NiS0 4 (0.9 mol/J). C0SO4 (0.01 mol/1), MnS0 4 (0.08 mol/l) and AI 2 (S0 4 ) 3 
(0.01 mol/1), an aqueous NaOH solution (2 mol/1) and aqueous NH 3 (2.1 mol/l) were prepared. The solutions were suc- 
cessively supplied to a reaction vessel each at a rate of 1 ml/min, and agitated in the reaction vessel continuously. As 
a result, particles, which are reaction products, became to be produced constantly. Then, a suspension containing the 

10 particles which was consecutively discharged from the reaction vessel was collected, and the particles were separated 
and washed with water. Thus, a Ni(OH) 2 powder having an average particle diameter of 18 )im, which contains Mn, Co 
and Al, was obtained. This powder (50 g) was mixed with an aqueous 30 wt% KDH solution (1 liter), heated to 80°C 
with stirring and then maintained at the same temperature for 40 hours. Then, the solution was centrifuged and the 
transparent supernatant was substituted with deionized water, followed by washing with water and further drying, 

is thereby to obtain a powder having an average particle diameter of 8 \im. 

On the other hand. EDTA was added to an aqueous mixed solution containing NiS0 4 , CoS0 4 and AI 2 (S0 4 ) 3 and 
an aqueous Ca(N0 3 ) 2 solution, thereby to form a complex, respectively. Both solutions were mixed in a predetermined 
ratio, and then deionized water and an aqueous NaOH were added so as to adjust the pH, thereby to prepare a mixed 
solution (pH 1 1 .5) containing Ni, Co, Al and Ca in the form of a complex ion in an amount of 0.9 mol/l, 0.02 mol/l, 0.02 

20 mol/l and 0.06 mol/l, respectively. 

The Ni(OH) 2 powder (50 g) obtained above was mixed with this solution (1 liter), followed by heating to 80°C with 
stirring. The resultant suspension was centrifuged and the supernatant was substituted with deionized water and the 
resultant crystallite was removed by fluid classification, followed by washing with water and further drying. Thus, a 
spherical powder having an average particle diameter of 18.5 \im was obtained. Hereinafter, this powder is referred to 

25 as "powder H". 

Using this powder H, a nickel positive electrode plate was obtained in the same manner as that described in Exam- 
ple 4. 

Comparative Example 2 

30 

An aqueous NiS0 4 solution (1 mol/l), an aqueous NaOH solution (2 mol/l) and aqueous NH 3 (2.1 mol/l) were pre- 
pared and they were continuously fed to a reaction vessel at a rate of 1 ml/minute, respectively. After the mixed solution 
was stirred in the reaction vessel, particles in the resultant suspension were screened in a fluid, washed with water and 
then dried. As a result, a spherical Ni(OH) 2 powder having an average particle diameter of 21 was obtained. Using 
35 this powder, a nickel positive electrode plate was obtained in the same manner as that described in Example 4. 

Comparative Example 3 

An aqueous mixed NiS0 4 solution containing NiS0 4 (0.96 mol/l). CoS0 4 (0.02 mol/l) and ZnS0 4 (0.02 mol/l), an 
ao aqueous NaOH solution (2 mol/l) and deionized water were prepared and they were continuously fed to a reaction ves- 
sel at a rate of 1 ml/minute, respectively. After the mixed solution was stirred in the reaction vessel, the resultant sus- 
pension was collected, washed with water and then dried. As a result, a spherical Ni(OH) 2 powder having an average 
particle diameter of 21 jim was obtained. Using this powder, a nickel positive electrode plate was obtained in the same 
manner as that described in Example 4. 

45 

Comparative Example 4 

To 99 g of the spherical powder Ni(OH) 2 obtained in Comparative Example 1, 10 g of a Co(OH) 2 powder and 1 g 
of a Ca(OH) 2 powder as additives, 30 g of water and 30 g of ethanol were added, followed by kneading to form a paste. 
so Using this paste, a nickel positive electrode plate was obtained in the same manner as that described in Example 4. 

Comparative Example 5 

An aqueous NiS0 4 solution (0.9 mol/l), an aqueous Ca(N0 3 ) 2 solution (0.1 mol/I), an aqueous NaOH solution (2 
55 mol/l) and aqueous NH 3 (2.1 mol/l) were prepared and they were continuously fed to a reaction vessel at a rate of 1 
ml/minute, respectively. After the mixed solution was stirred in the reaction vessel, the resultant suspension was col- 
lected, washed with water and then dried. As a result, a solid solution Ni(OH) 2 powder with Ca incorporated therein, 
which has an average particl e diameter of 1 2 urn, was obtained. Using this powder, a nickel positive electrode plate was 



13 



EP0833 397A1 

material with Co and Zn incorporated into the interior, the cycle characteristic was also improved. 

FIG. 7 shows charge/discharge curves when batteries using the electrodes of Examples 7, 9 and 10 and Compar- 
ative Examples 2, 3 and 6 are charged at 20°C at a current of 40 mA for 15 hours and then discharged until the battery 
voltage is lowered to 1 .0 V at 20°C at a current of 80 mA. 

5 As shown in the charge curves of FIG. 7, with respect to the electrodes of Examples 7. 9 and 10, the discharge 

capacity density is drastically increased in comparison with the case where the electrode of Comparative Example 2 or 
the improved electrode of Comparative Example 3 using the solid solution nickel hydroxide powder with Co and Zn 
incorporated therein is used. In addition, a remarkable difference in capacity density between Examples 7. 9 and 1 0 and 
Comparative Example 6 wherein a large amount of the same y phase is formed is not recognized. With respect to 

10 Examples 7 and 9 having the surface layer incorporated with no Mn, the average discharge voltage is about 50 mV 
higher than that of Comparative Example 3. It is found that, with respect to those incorporated with A! like Example 10, 
the discharge voltage is unusually high. As described hereinabove, such an improvement in voltage is extremely impor- 
tant in view of high rate discharge and improvement in energy density of the battery represented by Wh/I or Wh/kg. 
FIG. 8 shows plots of electrode capacity density versus amount of Mn incorporated when batteries using the elec- 

15 trodes of Examples 7 and 8 and Comparative Example 2 are charged at 20°C at a current of 40 mA for 1 5 hours and 
then discharged until the battery voltage is lowered to 1 .0 V at 20°C at a current of 80 mA. As is apparent from FIG. 8, 
when the amount of Mn incorporated is not less than 0.35, a decrease in capacity density as a result of a decrease in 
content of Ni is drastically large in comparison with the effect on improvement in utilization of Ni by incorporation of Mn. 
Therefore, it is found that the electrode capacity density is rather lowered in comparison with Comparative Example 2 

20 (corresponding to x a 0). 

Table 3 shows a discharge capacity and an average voltage when an electrode having a surface layer of Ni(OH) 2 
containing various metallic elements, produced by the same method as that shown in Example 8 and Comparative 
Example 5, is charged at 20°C at a current of 40 mA for 15 hours and then discharged until the battery voltage is low- 
ered to 1 .0 V at 20°C at a current of 80 mA. 

25 



Table 3 



Surface layer 


Interior 


Discharge capacity 
(mAh) . 


Average voltage (V) 


Ni(OH) 2 


Nio. 9 Al 0 .i(OH) 2 


525 


1.23 


Ni(OH) 2 


Ni 0 . 9 V 0 .i(OH) 2 


430 


1.21 


Ni(OH) 2 


N'o.9Cr 0 .i(OH) 2 


445 


1.16 


Ni(OH) 2 


Ni 0 .9Mn 0 .i(OH) 2 


498 


1.18 


Ni(OH) 2 


Ni 0 .9Fe 0 .i(OH) 2 


487 


1.15 


Ni(OH) 2 


Ni 0 .9Cu 0 .i(OH) 2 


473 


1.14 


Ni(OH) 2 


Nio.sGeo.ifOHk 


458 


1.17 


Ni(OH) 2 


Ni 0 .9Zro.i(OH) 2 


476 


1.18 


Ni(OH) 2 


Nio.gNfoo.iCOHfe 


480 


1.14 


Ni(OH) 2 


Ni a9 Mo 0 .i(OH) 2 


495 


1.18 


Ni(OH) 2 


Ni a9 Ag 0 .i(OH) 2 


503 


1.12 


Ni(OH) 2 


Nio.gSno.iCOHJg 


497 


1.18 


Ni(OH) 2 


Nio.sSbo.itOHfc 


468 


1.08 


Ni(OH) 2 


N'o.9W 0 .i(OH) 2 


475 


1.12 


Ni(OH) 2 ! 


Ni 0 .9Mn 0 .o5Alo.o5(OH) 2 


548 


1.22 



FIG. 9 shows charge/discharge curves when batteries using the electrodes of Examples 1 1 and 12 and Compara- 
55 tive Examples 2 and 3 are charged at 20°C at a current of 40 mA for 15 hours and then discharged until the battery 
voltage is lowered to 1 .0 V at 20°C at a current of 80 mA. 

As is apparent from FIG. 9, with respect to the electrodes of the present invention, remarkable effects of improving 
the electrode capacity density and increasing the difference r\ between the oxygen evolution potential and the charge 
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potential are recognized and, furthermore, a decrease in discharge voltage is not recognized. It is found that the elec- 
trode whose surface layer contains Al of Example 12 exhibits a charge voltage higher than that of the electrodes of 
Comparative Examples 2 and 3. 

Table 4 shows a discharge capacity, a difference q between an oxygen evolution voltage and a charge potential, 
5 and an average voltage when an electrode having a surface layer of Ni(OH) 2 containing various metallic elements in the 
interior and the surface layer, produced by the same method as that shown in Examples 1 1 and 12, is charged at 20°C 
at a current of 40 mA for 1 5 hours and then discharged until the battery voltage is lowered to 1 .0 V at 20°C at a current 
of 80 mA 

10 

Table 4 



Surface layer 


Interior 


Charged at 20°C 


Charged at 45°C 






Discharge 
capacity 

fmAhrt 
^1 1 irv ij 


Oxygen evolu- 
tion potential - 

tial (mV) 


Average volt- 
ege(V) j 


Discharge 
capacity (m Ah) 


Oxygen evolu- 
tion potential - 
charge poten- 
tial (mV) 


Ni 0 ^Cao.i(OH) 2 


Nio. s Al 0 .i(OH) 2 


523 


48 


1.22 


453 


23 


Nio.9Ti 0 .i(OH) 2 


Ni 0 . 9 V 0 .i(OH) 2 


433 


58 


1.22 


387 


28 


Nio.9Zn ai (OH) 2 


Ni 0 .9Cr 0 .i(OH) 2 


440 


35 


1.16 


329 


15 


Ni 0 9Sr 0 i(OH) 2 


Ni 0 . 9 Mn 0 .i(OH) 2 


499 


32 


1.18 


421 


18 




^0.9^0.1(0^2 


492 


31 


1.15 


384 


17 


Ni a9 Y 0 . 1 (OH) 2 


Ni 0 .9Cu 0 .i(OH) 2 


474 


49 


1.14 


402 


21 


Nio.sCd 0 .i(OH) 2 


Nio^Geo.^OHfe 


465 


33 


1.20 


375 


16 


Ni 0 .9Cro.l(OH) 2 


Ni 0 .9Zno.i(OH) 2 


472 


40 


1.16 


380 


15 


Ni 0 ^Uo.i(OH) 2 


Ni 0 . 9 AI 0 .i(OH) 2 


488 


21 


1.21 


365 


8 


Ni 0 . 9 Nd 0 .i(OH) 2 


Nio.9Vo.,(OH) 2 


486 


20 


1.18 


360 


8 


Ni 0 . 9 Yb a i(OH) 2 


Ni 0 .9Cr 0 .i(OH) 2 


511 


49 


1.12 


418 


20 


Nio.9Cao.05*" 
Ti 0 .05(OH) 2 


Nio. 9 Mn 0<1 (OH) 2 


530 


78 


1.19 


437 


24 


Ni 0 . 9 Ca 0 . 1 (OH) 2 


Ni 0S Fe 0 .i(OH) 2 


468 


38 


1.12 


408 


19 


Ni 0 .9Ti 0 .l(OH) 2 


Nio.gMno.-KOHfe 


472 


49 


1.14 


427 


24 


Ni 0 . 9 Zn 0 .i(OH) 2 


NiosMn 0 .o5- 
A! 0 .05(OH) 2 


538 


32 


1.22 


443 


16 



Table 5 shows a tap density of powders of Example 1 1 and Comparative Examples 7 and 8 f a filling density into the 
electrodes, and an electrode capacity density of the electrodes. With respect to Comparative Example 7, the electrode 

45 capacity density is very low despite the same electrode porosity. This is because the density of the powder is lowered 
by containing the a-phase having a wide interlayer distance and the content of Ni is drastically decreased. In Compar- 
ative Example 7. when using powders having a particle diameter of not less than 200 urn and not more than 30 urn, it 
was impossible to produce a predetermined electrode having a porosity of 25%. This fact indicates that the electrode 
capacity density is lower than that of Example 1 1 . It is apparent from the fact that the pore diameter of the porous metal 

so substrate is from about 100 to 200 nm, the powder having a particle diameter of about 200 \xm can not be easily filled. 
Even if the particle diameter is the same as that of the porous metal substrate, filling is largely affected by a shape fac- 
tor. Therefore, a spherical shape is suitable for filling. In order to produce an electrode of high capacity density which 
exceeds the currently available capacity density, it is important to intensively improve the filling property into the elec- 
trode. 

55 
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Table 5 





Tap density 

(g/cc) 


Electrode filling amount 
(g/cc) 


Electrode capacity den- 
sity (mAh/cc) 


Example 1 1 


2.1 


1.23 


780 


Comparative example 7 


0.8 


0.45 


580 


Comparative example 8 0ess than 30fim) 


1.6 


0.82 


650 



Example 13 

In the same manner as that described in Example 1 2 except for adding Y 2 0 3 in an amount of 0.5% by weight of the 
is active material, a nickel positive electrode plate was obtained. 

Comparative Example 9 

In the same manner as that described in Example 12 except for adding no Co(OH) 2 , a nickel positive electrode 
20 plate was obtained. 

FIG. 10 shows charge/discharge curves when batteries using the electrodes of Examples 12 and 13 and Compar- 
ative Example 9 are charged at 20°C at a current of 40 mA for 15 hours and then discharged until the battery voltage 
is lowered to 1 .0 V at 20°C at a current of 80 mA. 

As is apparent from FIG. 10, Comparative Example 9 wherein no Co(OH) 2 is added, that is, the active material and 
25 substrate are not coated with CoOOH porous layer having the conductivity even after initial charging, is drastically infe- 
rior in discharge characteristic to Example 12. Therefore, it is not preferred to use it as the electrode. It is recognized 
that, with respect to Example 13 wherein a small amount of Y 2 0 3 is added, the difference r\ between the oxygen evo- 
lution potential and the charge potential is slightly increased in comparison with Example 12. 

30 Comparative Example 10 

In the same manner as that described in Example 12 except for adding no PTFE, a nickel positive electrode plate 
was obtained. 

FIG. 11 shows plots of discharge capacity versus charge/discharge cycle when batteries using the electrodes of 
35 Example 1 2 and Comparative Example 10 are charged at 20°C at a current of 40 mA for 15 hours and then discharged 
until the battery voltage is lowered to 1.0 V at 20°C at a current of 80 mA. 

As is apparent from FIG. 11, with respect to Example 12. the cycle characteristic is improved in comparison with 
Comparative Example 10 containing no PTFE. This reason is considered as follows. That is, falling off of the active 
material powder due to swelling and shrinking is inhibited by the binding action of PTFE. Incidentally, it is also effective 
40 for improving the dispersion property of a conductive fine powder such as Co(OH) 2 to form a paste by adding a binder. 

Example 14 

A positive electrode plate obtained in the same manner as that described in Example 13 was cut into a size of 39 
45 x 86 mm and an electrode lead was spot-welded to a lead connection part provided previously in a substrate, thereby 
to form a nickel positive electrode. On the other hand, an electrode having a capacity of 2150 mAh produced by cutting 
a hydrogen storage alloy negative electrode plate having a thickness of 0.45 mm and a capacity density of 1 350 mAh/cc 
obtained in the same manner as that described previously in the above Examples into pieces of 39 x 91 mm in size was 
used as a negative plate. 

so These positive electrode plate and negative electrode plate were combined while interposing a separator of a sul- 
fonated polypropylene nonwoven fabric having a thickness of 0.1 5 mm therebetween, thereby to constitute a spiral elec- 
trode group. This electrode group was inserted into a battery case and, after pouring 2.2 ml of an electrolyte of an 
aqueous 30 wt% KOH solution into the battery case, an opening part of the battery case was closed by using a sealing 
member equipped with a safety valve having an operating valve pressure of 20 kgf/cm 2 . Thus, a cylindrical sealed 

55 nickel-metal hydride storage battery (AA size) was produced. 
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Comparative Example 1 1 

In the same manner as that described in Example 14 except for using the positive electrode plate produced in the 
same manner as that described in Comparative Example 3 after cutting it into a size of 39 x 86 mm, a cylindrical sealed 
5 nickel -metal hydride storage battery (AA size) was produced. 

Table 6 shows an energy density and the difference r\ between an oxygen evolution voltage and a charge potential 
when the batteries of Example 14 and Comparative Example 1 1 are charged at 20°C or 45°C at a current of 40 mA for 
15 hours and then discharged until the battery voltage is lowered to 1.0 V at 20°C at a current of 80 mA. 

10 

Table 6 





Surface layer 


Interior 


Charged at 20°C 


Charged at 45°C 1 








Energy 
density 
(Wh/I) 


Oxygen evolu- 
tion potential - 
charge poten- 
tial (mV) 


Energy den- 
sity (Wh/I) 


Oxygen evolu- 
tion potential - 
charge poten- 
tial (mV) 


Example 14 


Nio.9Cao.06~ 

C0 0 .02 A, 0.02 


Nio.9Mno.06" 
AI001C00.01 


230 


48 


217 


22 


Comparative 
example 11 




Ni 0.96COo.09Zno.02 


201 


21 


128 


5 



As is apparent from Table 6, with respect to the battery of Example 1 4, a remarkable improvement in energy density 
25 is recognized in comparison with the battery of Comparative Example 1 1 . The difference between the oxygen evolution 
potential and the charge potential is large. The battery of Example 14 has a remarkable effect of increasing the oxygen 
evolution voltage during charge, and a large effect is recognized on the capacity during charge at high temperature. 

As explained above, according to the present invention, the oxygen evolution overvottage of the surface of the pos- 
itive electrode active material can be increased and, therefore, the charge acceptance at high temperature can be 
30 improved. Since such an action is effected only in the vicinity of the surface, the resultant electrode is superior in capac- 
ity density to the conventional electrode. It is possible to accomplish a drastic improvement in electrode capacity density 
by modifying the interior of the active material into an active material whose utilization is higher than that of the conven- 
tional active material. According to the present invention, it is possible to provide a positive electrode for an alkaline stor- 
age battery, which is superior in capacity density in a wide temperature range. 
35 Although the present invention has been described in terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in the art to which the present invention pertains, after having read the above disclo- 
sure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifications as 
fall within the true spirit and scope of the invention. 

40 

Claims 

1. A positive electrode active material for an alkaline storage battery comprising a nickel based multi-metals oxide, 
said nickel based multi-metals oxide having a large number of micropores in at least a surface layer, wherein an 

45 average composition of the surface layer is different from that of the interior in that at least one element selected 
from the group consisting of Ca, Ti, Zn, Sr, Ba, Y, Cd, Co, Cr, Bi and lanthanoids, in addition to Ni, is contained in 
the surface layer, or in that said at least one element is contained at a concentration higher than that of the interior. 

2. The positive electrode active material for an alkaline storage battery in accordance with claim 1 , wherein the aver- 
se? age composition of the interior is different from that of the surface layer in that at least one element selected from 

the group consisting of Al, V, Cr. Mn, Fe, Cu, Ge, Zr, Nb, Mo, Ag, Sn, Sb and W. in addition to Ni, is contained in the 
interior of said nickel based multi-metals oxide except for the surface layer, or in that said at least one element is 
contained in a concentration higher than that of the surface layer. 

55 3. The positive electrode active material for an alkaline storage battery in accordance with claim 1 , wherein an aver- 
age amount x of the whole metallic elements except for Ni contained in the surface layer of said nickel based multi- 
metals oxide is within the range represented by the following formula: 
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0.01 ^ x ^ 0.4 

when the number of atoms of the total metallic elements containing Ni is 1. 

s 4. The positive electrode active material for an alkaline storage battery in accordance with claim 2, wherein an aver- 
age amount y of the whole metallic elements except for Ni contained in the interior of said nickel based multi-metals 
oxide except for the surface layer is within the range represented by the following formula: 

0.01 <: y <: 0.35 

10 

when the number of atoms of the total metallic elements containing Ni is 1 . 

5. The positive electrode active material for an alkaline storage battery in accordance with claim 1 , wherein said nickel 
based multi-metals oxide is at least one of a solid solution nickel hydroxide material with a metallic element other 

15 than Ni incorporated therein and an eutectic crystal of oxides of Ni and the respective metallic element other than 

Ni. 

6. The positive electrode active material for an alkaline storage battery in accordance with claim 1 , wherein a large 
number of micropores of said nickel based multi-metals oxide have an average pore diameter of not more than 200 

20 angstroms and the micropores in the vicinity of the surface layer communicate with each other. 

7. The positive electrode active material for an alkaline storage battery in accordance with claim 1 , wherein a thick- 
ness of the surface layer in said nickel based multi-metals oxide is from 1 0 to 500 nm. 

25 8. The positive electrode active material for an alkaline storage battery in accordance with claim 1 . wherein said nickel 
based multi-metals oxide is a powder having an average diameter of not more than 100 nm, said powder having a 
spherical shape or a shape like a sphere and having a tap density of not less than 1.5 g/cc. 

9. A positive electrode active material for an alkaline storage battery comprising a nickel based multi-metals oxide, 
30 said nickel based mufti-metals oxide having a large number of micropores in at least a surface layer, wherein an 

average composition of the interior is different from that of the surface layer in that at least one element selected 
from the group consisting of Al. V, Cr, Mn, Fe, Cu, Ge, Zr, Nb, Mo, Ag, Sn, Sb and W. in addition to Ni, is contained 
in the interior of said nickel based multi-metals oxide except for the surface layer, or in that said at least one element 
is contained in a concentration higher than that of the surface layer. 

35 

1 0. The positive electrode active material for an alkaline storage battery in accordance with claim 1 , wherein said active 
material is a powder prepared by a precipitation method. 

11 . The positive electrode active material for an alkaline storage battery in accordance with claim 1 . wherein said active 
40 material is one deposited electrochemically in or on a porous conductive substrate. 

12. A positive electrode for an alkaline storage battery comprising a conductive supporting member and an active 
material mixture supported on said conductive supporting member, said active material mixture containing the 
active material of daim 10. 

45 

13. The positive electrode for an alkaline storage battery in accordance with claim 12, wherein said active material 
powder is coated with a conductive porous layer of a metal oxide or a metal. 

1 4. The positive electrode for an alkaline storage battery in accordance with claim 1 2, wherein said active material mix- 
so ture contains at least one powder selected from the group consisting of Ni, graphite, a Ca compound, a Tl com- 
pound, an Sr compound, a Ba compound, a Y compound, a Cd compound, Co, a Co compound, a Zn compound 
and a rare earth metal compound in an amount of 0.5 to 20.0% by weight of said active material powder. 
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